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A more precise calculation can be made only upon the basis of a detailed knowledge of the distribution of light in the image.
The question of the best size of aperture for a pin-hole camera was first considered by Petzval*. His theory, though it can hardly be regarded as sound, brings out the failure of definition when the aperture is either too large or too small, and, as is very remarkable, gives (1) as the best relation between r, /, and X. The argument is as follows : — If the hole be very small, the diameter of the patch of light representative of a luminous point is given by
Z>=/X/r,
the measurement being made up to the first blackness in the diffraction-pattern. "This formula is only an approximate one, applicable when r is very small ; in the case of a larger aperture, its diameter must be added to the value above given, that is to say,
From the last formula we can at once deduce the best value for r ; in other words, the size of the aperture which corresponds to the least possible value of D, and therefore to the sharpest possible image. In fact, differentiating the last expression, and setting in the ordinary manner, dD/dr = 0, we find at once
r
which corresponds to
D
The assumption that intermediate cases can be represented by mere addition of the terms appropriate in the extreme cases of very large and very small apertures appears to be inadmissible.
The complete determination of the image of a radiant point as given by a small aperture is a problem in diffraction, solved only within the last years by Lommelf. In view of the practical application to pin-hole photography, I have thought that it would be interesting to adapt Lommel's results to the problem in hand, and to exhibit upon the same diagram curves showing the distribution of illumination in various cases. For the details of the investigation reference must be made to Lommel's memoir, or to the account of it in the Encyclopaedia Britannica, Art. " Wave Theory," p. 444. But it may be well to state the results somewhat fully. [These results, having been already given — equations (1) to (19), Vol. in. pp. 135, 136 — are not now repeated.]
* Wien. Sitz. Ber. xxvi. p. 33 (1857) ; Phil. Mag. xvn. (1859), p. 1.
t " Die Beugungserscheinungen einer kreisrunden Oeifnung uud eines kreisrunden Schirm-chens," Aus den Abhandlungen der k. buyer. Akademie der Wiss. n. 01. xv. Bd. n. Abth. (Munchen, 1884.)ort, 1889, p. 493.we thus arrive at the rather startling conclusion that a telescope of any degree of resolving power might be constructed without an object-glass, if only there were no limit to the admissible focal length. This last proviso, however, as we shall see, takes away almost all practical importance from the proposition.
